Two experiments were conducted in which pregnant crossbred cows were randomly assigned to a control group or implanted with testosterone propionate/silastic implants~ between d 110 and 140 of gestation in Exp. 1 and between d 80 and 110 of gestation in Exp. 2. Androgenized heifers (TH) and treated steers (TS), born to implanted dams, possessed similar birth weights compared with control heifers (CH) and steers (CS), respectively, in both experiments. In Exp. 1, yield grades were lower (P < .05) for TH than for CH. In Exp. 2, TH possessed 9.4% greater (P < .07) 205-d adjusted weaning weights and 9.8% heavier (P < .05) adjusted yearling weights than CH. In Exp. 2, daily gain was 19.5% faster (P < .05) and feed intake was 13.6% greater (P < .05) for TH than for CH. In Exp. 2, TH possessed less (P < .05) s.c. fat, greater (P < .10) carcass weight gains and lower (P < .05) yield grades than CH. Liver weight per unit of carcass weight was greater (P < .07) for TH than for CH in Exp. 2. Androgenized heifers had lower (P < .07) lipid content in the 9-10-11th rib section than did CH. Calving intervals were similar for implanted and nonimplanted cows in both experiments. Results from these two trials suggest that efficiency of heifers for producing carcass beef can be improved by prenatal testosterone exposure.
Introduction
The efficiency of beef production is limited by the fact that the growth rate, feed efficiency and lean retail yield of heifers and steers are inferior to those parameters in bulls (Hedrick et al., 1969) . Compared with heifers, males castrated at birth have superior performance. This suggests that some of the sex differences in daily gain, efficiency of growth and carcass composition may be attributable to different prenatal plasma testosterone concentrations. Jansson et al. (1985) revealed that androgen administration to female rats during the critical period of sexual differentiation caused an increase in postnatal weight gain. DeHaan et al. (1987) reported that prenatally androgenized ewe lambs had increased daily gain, feed efficiency and carcass merit. Klindt et al. (1986) also observed an improvement in growth performance of androgenized ewes. This led us to the hypothesis that prenatal androgen exposure in cattle might alter the subsequent postnatal growth performance and carcass composition of heifers. To test this hypothesis, two experiments were conducted to determine the effects of prenatal androgenization of cattle on birth weight, growth rate, feed efficiency and carcass composition.
Materials and Methods
Testosterone propionate implants used in Exp. 1 and 2 were made of a medical-grade silastic tubing 2 with an inside diameter of .635 cm and an outside diameter of .953 cm. Implants were 15 cm in length and were filled with approximately 2.25 g of crystalline testosterone propionate. Two implants were subcutaneously inserted behind the shoulder and Over the dorsal aspect of the rib cage of the pregnant At the conclusion of the feedlot trial, all cattle were slaughtered in a commercial slaughter plant. At 24 h postmortem, carcasses were evaluated for quality and yield grade traits (USDA, 1975) by University of Illinois personnel.
Experiment 2. Forty-eight pregnant crossbred cows were randomly assigned to a control group (24) or implanted (24) with approximately 4.5 g testosterone propionate between d 80 and 110 of gestation. Implants were removed at approximately 3 wk prior to the onset of the calving period. Twelve heifers (TH) and seven bull calves (TS) born from implanted cows, and seven heifers (CH) and eleven bulls (CS) born from nonimplanted cows, were used in this trial.
Subsequent to weaning at 203 -+ 8 d, bull calves were castrated, and all calves were adapted to the Pinpointer 4000B Feeders. Calves were penned within treatment group with one pen per treatment group. Diets used in this experiment were the same as those used in Exp. 1 ( The TH, TS and CS groups were removed from the feedlot trial after 224 d; CH remained on trial for an additional 63 d so they would possess a similar off-test weight (475 kg) to that of TH. At the conclusion of the feedlot trial, cattle were slaughtered in a commercial slaughter plant. At 24 h postmortem, carcasses were evaluated for quality and yield grade traits (USDA, 1975) . In addition, a subjective score for lean color (1 = dark purple, 8 = youthful pink) was assigned to each carcass. The wholesale rib (IMPS #103) and plate (IMPS #122; NAMP, 1986) were removed intact from the left side of TH and CH carcasses and shipped to the University of Illinois. Following procedures outlined by Hankins and Howe (1946) , the 9-10-11th rib section (NTE) of the androgenized and control heifers was removed. Ribeye steaks (3.0 cm thick) from the 12th rib section (IMPS #1112; NAMP, 1986) were removed for WarnerBratzler shear force (WBS) determinations and sensory panel evaluation. Steaks were cut 7 d postmortem and frozen (-20 ~ C) until evaluated. The NTE were physically separated into bone and soft tissue. Lipid content of the soft tissue was determined by chloroform-methanol extraction (Riss et al., 1983) , and the lipid-free soft tissue weight was calculated for each animal.
Steaks for WBS analysis were thawed (4 ~ C) for 24 h and cooked to an internal temperature of 70 ~ C (AMSA, 1978) on a Farberware open-hearth grill monitored by copper constantan thermocouples and a CS $250 Relay bTH differs from CH (P < .07). CTH differs from CH (P < .05), Scanner 4. Cooking loss was determined by comparing weights of steaks before and after cooking. Cores (1.27 cm) were removed from the steaks after cooling to room temperature for shear force determination using an instron universal testing machine (model 1132) fitted with a Warner-Bratzler shear device. Steaks for sensory panel evaluation were prepared in the same manner and served warm to a six-member, experienced sensory panel. Evaluations were made on a continuous 15-point scale for overall tenderness, juiciness, beef flavor intensity, off-flavor intensity and overall desirability (15 = extremely juicy, tender, desirable, flavorful or no off-flavor; 0 = extremely dry, tough, undesirable, bland or extreme off-flavor).
Data in both Exp. 1 and Exp. 2 were analyzed within sex as a completely randomized design using the GLM procedure of SAS (1982); treatment means were compared only within each sex.
Results and Discussion
The testosterone propionate/silastic implants provided an average release rate of 14.5 mg testosterone propionate per day (Kesler, 1987) . Plasma testosterone concentrations were raised in the pregnant cow to a level of 1.4 ng/ml following implantation of the controlled-release 4Campbell Scientific, Inc., Logan, UT.
implants (Kesler, 1987) . The number of calves finishing the feedlot trials is less than the number of cows allotted to the trials due to death loss at birth, illness during the trial and failure of calves to adapt to Pinpointer Feeders. None of these factors was related to treatment. Experiment 1. Birth weights of the treated and control calves were compared. We observed a 3-kg decrease in birth weight of treated heifers and steers compared with controls (Table 2) . Although this depression in birth weight was not significant, a similar decrease in birth weight of androgenized ewes and treated ram lambs has been observed (DeHaan et al., 1987) . No significant differences in 205-d adjusted weaning weights and adjusted yearling weights were observed with TH and TS compared with controls (Table 2) .
No differences were observed in daily gains and feed intakes of TH and TS compared with CH and CS, respectively. Feed efficiency was improved by 9% (P < .08) in TH vs CH (Table  3) . No difference in feed efficiency was observed between CS and TS. The TH achieved a similar gain/feed to CS and TS.
Carcass measurements are presented in Table  4 . Subcutaneous fat over the ribeye, percentage kidney, pelvic and heart fat (KPH) and ribeye area did not differ between CS and TS. However, a trend was observed in TH in having less 12th rib fat, less KPH fat and greater ribeye areas compared with CH. When the data were combined, TH possessed lower, more desirable yield bTH differs from CH (P < .08).
CTH differs from CH (P < .05). dWDA = weight/day of age. 22.0 aCH = control heifers; TH --treated heifers; CS = control steers; TS = treated steers; SE = standard error of the mean. bKPH = kidney, pelvic and heart fat. clO0 = small zero; 300 = moderate zero. dTH differs from CH (P < .05). grades (P < .05) than CH. However, there was no difference in yield grades of TS vs CS. Additionally, marbling scores were not significandy different between treatment groups.
Experiment 2. In contrast to results from Exp. 1, we observed a nonsignificant increase in birth weight of TH compared with CH ( Table  2 ). The reason for the different birth weight" results in Exp. 1 and 2 is not known. No difference was observed in birth weight of TS and CS. Adjusted weaning weight was increased by 9.4% (P < .07), and adjusted yearling weight was increased by 9.8% (P < .05) in TH compared with CH (Table 2) . No differences were observed in adjusted weaning and yearling weights of CS and TS.
Average daily gain was increased by 19.5% (P < .05) in TH compared with CH when fed to a constant slaughter weight (Table 3) . Klindt et al. (1986) and DeHaan et al. (1987) noted a similar increase in daily gain of prenatally androgenized ewes. Jansson et al. (1985) reported that female rats exposed to testosterone during neonatal development possess enhanced growth hormone (GH) secretion and plasma GH levels during adult life. This GH profile change elicited an increase in weight gain and longitudinal bone growth of female rats. Feed intake was increased by 14% (P < .05) in TH vs CH (Table 3) . Feed efficiency was improved by 5.6% for TH vs CH, but this difference was not significant. Final weight per day of age (WDA) was improved by 14% (P < .05) in TH compared with CH. No differences were observed in average daily gain, feed efficiency, feed intake and final WDA of TS and CS.
No differences were observed in estrous cyclicity of TH and CH. All heifers exhibited recurring estrous cycles on a regular basis. This is in contrast to Clarke (1977) and DeHaan et al. (1987) , who reported that ewe lambs androgenized early in prenatal development failed to exhibit recurring estrous cycles.
Dressing percentage was greater (P < .05) for CH than for TH, which may reflect differences in carcass fat (Table 5 ). Carcass weight gain was increased by 10% (P < .10) in TH vs CH. Even though differences were not always significant, prenatal androgenization of heifers reduced all measures of carcass fat deposition. Subcutaneous fat over the ribeye was reduced (P < .05) for TH compared with CH, and TH had lower, more desirable yield grades (P < .05) than CH.
No differences were observed in carcass weight, percentage KPH fat, ribeye area, marbling score and Iean color of TH and CH. Furthermore, no differences were observed in any of the carcass characteristics between TS and CS.
Liver weight per unit of carcass weight of TH was significantly increased (P < .07; Table  5 ). DeHaan et aI. (1987) reported a comparable increase in liver weight of androgenized ewes. However, no increase (P > .05) in weight of the heart was observed in TH and CH. In addition, no differences were seen in liver and heart weights of TS vs CS.
Proximate composition differences in the NTE are presented in Table 6 . Androgenized heifers possessed less (P < .07) percentage lipid than CH. Even though not significant, TH tended to have greater (4.7%) lipid-free soft tissue weight. If a comparable effect on GH secretion occurred in cattle as in the rat due to early androgen exposure (Jansson et al., 1985) , prenatal androgenization would cause an increase in lean tissue growth and a decrease in carcass fat content in heifers (Trenkle and Topel, 1978) . No differences were seen in NTE and bone weights of TH and CH.
No statistically significant differences (P > .05) in sensory panel evaluations were found .14 aCH = control heifers; TH = treated heifers; CS = control steers; TS = treated steers; SE = standard error of the mean. bKPH = kidney, pelvic and heart fat. c100 = small zero; 300 = moderate zero. dl = dark purple; 8 = youthful pink. eTH differs from CH (P < .05).
fTH differs from CH (P < .10).
gTH differs from CH (P < .07). bTll differs from CH (P < .07). b lS-point scale: 15 = extremely juicy, tender, desirable, flavorful, no off-flavor; 0 = extremely dry, tough, undesirable, bland, extreme off-flavor.
CTH differs from CH (P < .07).
between TH and CH (Table 7) . Furthermore, no differences were observed in cooking loss and WBS values of Ttl and CH. There was a trend for CH to have less off-flavor than TH (P < .07). However, in this study, all sensory panel means were in the desirable range.
Calving intervals of implanted and nonimplanted cows were compared. Calving intervals were similar (P > .05) for implanted and nonimplanted cows in both experiments (Table  8) . Furthermore, implantation did not affect the incidence of dystocia; none was observed in any cow in either experiment. In addition, no difference in calf mortality was observed between implanted and nonimplanted cows in either Exp. 1 or 2 (Table 8 ).
In Exp. 1, prenatal androgenization improved feed efficiency of heifers. In Exp. 2, TH possessed greater preweaning and postweaning ADG and feed intakes, whereas no differences were observed with TS. Androgenized heifers had less s.c. fat and lower, more desirable yield grades than CH in both trials. Furthermore, prenatal androgenization increased adjusted weaning and yearling weights of heifers in Exp. 2. Because we did not observe the magnitude of response in increased growth performance and improvement of carcass merit in Exp. 1 compared with Exp. 2, these differences in response to testosterone implants may be due to the differences in time of implantation. 
